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ABSTRACT 

[Abstract of the Disclosure] 

Provided are a flat-type capacitor, which can have better electrical properties by 
5 preventing degradation of a dielectric layer, and a method of manufacturing the same. 
The capacitor includes a lower interconnection formed in a predetermined portion of a 
semiconductor substrate, a lower electrode fonned on the lower interconnection to be 
electrically coupled to the lower interconnection; a concave dielectric layer with edges of 
both sides which is fonned on the lower electrode; a concave upper electrode formed 
10 on the dielectric layer; a first upper interconnection being electrically coupled to the 
lower interconnection; and a second upper interconnection being coupled to the upper 
electrode. Here, the concave upper electrode is formed to be larger than the lower 
electrode. 

15 [Representative Drawing] 
FIG. 4 

[Index words] 

Flat-type capacitor, MIM 

20 
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SPECIFICATION 



[Title of the Invention! 

FLAT-TYPE CAPACITOR FOR INTEGRATED CIRCUIT AND METHOD OF 
MANUFACTURING THE SAME 



[Brief Description of the Drawings] 

FIGS. 1 through 3 are cross-sectional views of conventional fiat-type capacitors; 
10 FIG. 4 is a cross-sectional view of a flat-type capacitor according to the present 

invention; and 

FIGS. 5A through 5D are cross-sectional views illustrating a method of 
manufacturing the flat-type capacitor according to the present invention. 

15 < Explanation of Reference numerals designating the Major Elements of the Drawings > 

100: semiconductor substrate 

105a, 105b: first metal interconnections 

125a, 125c: second metal interconnections 

1 25b: lower electrode 1 36: dielectric layer 

20 141: upper electrode 

155a, 155b, 155c: third metal interconnections 

[Detailed Description of the Invention] 
[Object of the Invention] 
25 [Technical Field of the Invention and Related Art prior to the Invention] 

The present invention relates to a flat-type capacitor for an integrated circuit and 
a method of manufacturing the same. More particularly, the present invention relates 
to a flat-type capacitor for an integrated circuit, which can obtain better characteristics 
by preventing degradation of a capacitor dielectric layer, and a method of manufacturing 
30 the same. 
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Capacitors are essential to semiconductor memory devices, radio frequency (RF) 
devices, mixed signal devices, and system drivers. 

While capacitors for an Integrated circuit (IC) may have various shapes, a typical 
capacitor, which is normally called a "thin flat-type capacitor." includes parallel thin 

5 conductive layers separated by a dielectric layer. 

FIG. 1 is a cross-sectional view of a typical flat-type capacitor for an IC. 
Referring to FIG. 1 . to fomn the flat-type capacitor, a first metal layer is deposited on a 
semiconductor substrate 10. The semiconductor substrate 10 may be a silicon 
substrate where IC devices and metal interconnections are formed. The first metal 

10 layer, which is referred to as the first metal layer with reference to FIG. 1 , may actually 
be the second metal layer or the third metal layer in a semiconductor device. A 
predetermined portion of the first metal layer is patterned to form a lower electrode 12a 
and a first metal Interconnection 12b. Also, the first metal interconnection 12b. which 
is referred to as the first metal interconnection, may actually be the second metal 

16 interconnection or the third metal interconnection. 

Aftenwards, a dielectric layer 14 and a metal layer for an upper electrode are 
sequentially deposited on the resultant structure of the semiconductor substrate 10, and 
then the metal layer for an upper electrode and the dielectric layer 14 are etched until a 
predetermined portion of the lower electrode 12a is exposed. Here, the dielectric layer 

20 14 is etched such that the predetermined portion of the lower electrode 12a is exposed 
without leaving the dielectric layer 14 as a residue. Also, the predetermined portion of 
the lower electrode 12a is exposed so as to electrically connect the lower electrode 12a 
with an upper metal interconnection to be fomned later. Next, an interlayer dielectric 
(ILD) 1 8 is formed on the resultant structure. The ILD 18 is etched until the lower 

25 electrode 12a. the first metal interconnection 12b, and an upper electrode 16 are 
exposed, thereby fomning via holes (not shown). 

Plugs 20 are formed by filling the via holes with a conductive material, and 
second metal interconnections 22a, 22b, and 22c are each formed to contact the 
respective plugs 20. IHere. the second metal interconnection 22a transmits an electric 

30 signal to the lower electrode 12a, the second metal interconnection 22b transmits an 
electric signal to the upper electrode 16, and the second metal interconnection 22c 
transmits an electric signal to the first metal interconnection 12b. 
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However, in the foregoing flat-type capacitor, an etching by-product may be 
absorbed in the sidewalls of the dielectric layer 14 while the dielectric layer 14 is being 
etched. As a result, electrical properties of the dielectric layer 14 may be degraded. 

Also, when the lower electrode 12a is exposed by etching the dielectric layer 14, 
6 the lower electrode 12a may be partially etched or residue of the etched lower electrode 
12a may re-sputter onto the sidewalls of the dielectric layer 14. In FIG. 1 . the arrows 
illustrated with dotted lines indicate the direction of the residue sputtering. 

The residue of the dielectric layer 14 or the lower electrode 12a, which is 
attached to or re-sputtered on the sidewalls of the dielectric layer 14, may be partially 
10 removed using a subsequent cleaning process. However, it is impossible to 

completely remove the etching residue. Therefore, additional fabrication steps are 
required. 

In another conventional method, as shown in FiG. 2, a dielectric layer 14 is 
etched at the same time as a lower electrode 12a, and only an upper electrode 16 is 

15 separately etched on the dielectric layer 14. Aftenrards, an ILD 18 and the dielectric 
layer 14 are simultaneously etched to form via holes. This method as shown in FIG. 2 
is disclosed in U.S. Patent No. 6.492,223 (FIGS. 1 A through 1G) by Kanannori. 

In the method of FIG. 2, because the upper electrode 16 and the dielectric layer 
14 are not etched at the same time, a smaller amount of etching by-product is 

20 generated on the sidewalls of the dielectric layer 14. Also, over-etching of the 

dielectric layer 14 is not required, thus preventing re-sputtering of the lower electrode 
12a. However, the ILD 18 and the dielectric layer 14 should be simultaneously etched 
to form the via holes. Accordingly, since an etch selectivity of the ILD 1 8 differs from 
that of the dielectric layer 14, the ILD 18 and the dielectric layer 14 should be etched 

25 using separate processes. 

In yet another conventional method, as shown in FIG. 3, a first ILD 52 is 
deposited on a semiconductor substrate 10, and first metal interconnections 54 and 56 
are fomned in predetemiined portions of the first ILD 52. The first metal 
interconnections 54 and 56 can be formed by a known damascene method. Here, the 

30 first metal interconnection 54 is formed to a wide line width enough to contact a lower 
electrode to be fooDed later A second ILD 58 is deposited on the first ILD 52 including 
the first metal interconnections 54 and 56. Then, a predetermined portion of the 
second ILD 58 is etched until the first metal interconnections 54 and 56 are each 
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exposed, thereby defining a concave capacitor region (not shown) and a via hole (not 
shown). 

Afterwards, a conductive layer for a lower electrode and a dielectric layer 66 are 
sequentially deposited in the capacitor region and then polished using chemical 

5 mechanical polishing (CMP). Thus, a lower electrode 62 and the dielectric layer 66 are 
formed in the concave capacitor region. At the same time, a first plug 64 is formed in 
the via hole. A conductive layer for an upper electrode is deposited on the dielectric 
layer 66 and the second ILD 58 so as to fill the capacitor region and then polished using 
CMP. Thus, an upper electrode 68 is formed to define a concave capacitor. Next, a 

10 third ILD 72 is formed on the resultant structure of the semiconductor substrate and 

then etched until a pad 63 extended from the lower electrode 62. the upper electrode 68, 
and the first plug 64 are exposed. Thus, via holes are fonned. Afterwards, second 
plugs 74, 76, and 78 are fonned by a known method in the via holes positioned in the 
third ILD 72. The foregoing method as shown in FIG. 3 is disclosed in U.S. Patent No. 

16 5,708,559 (FIG. 13) (hereinafter refen-ed to as "No. 559") by Brabazon. 

In No. 559. because the upper electrode is fomned by using CMP, an etching 
byproduct Is not absorbed in the sidewalls of the dielectric layer 66. Also, over-etching 
of the dielectric layer is not required, thus preventing re-sputtering of the lower electrode 
62. Further, the dielectric layer 66 and the ILD 58 or 72 may not be simultaneously 

20 etched to form the via holes. Thus, the via hole fomiing process becomes more 
simple. 

However, the pad 63 extending from the lower electrode 62, the dielectric layer 
66, and the upper electrode 68 are formed using CMP. Thus, If a CMP residue 
remains on the surface of the dielectric layer 66, a bridge may occur between the lower 

25 electrode 62 and the upper electrode 68. Also, scratches due to physical stress may 
occur on the lower electrode pad 63, the dielectric layer 66, and the upper electrode 68, 
or chemical defects like erosion can be caused by slurry. As a result, poor contact 
may occur between the lower electrode pad 63 and the second plug 74 and between 
the upper electrode 68 and the second plug 76. Further, scratches due to CMP occur 

30. In a portion of the dielectric layer 66, which is used as a substantial dielectric layer, thus 
degrading characteristics of the dielectric layer 66. 

Also, in the concave capacitor of No. 559. because of stress focused on edges X 
of both sides, when voltage is applied to the lower electrode 62 and the upper electrode 
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66, breakdown occurs at the edges X of the dielectric layer 66. Thus, electrical 
properties of the capacitor are degraded. This phenomenon results from not only the 
concave structure of the capacitor but also poor deposition of the dielectric layer 66 at 
tiie edges X. Consequently, No. 550 cannot completely solve problems of poor 
5 contact and a degraded dielectric layer. 

[Technical Goal of the Invention] 

The present invention provides a fiat-type capacitor which can obtain better 
characteristics by preventing degradation of a capacitor dielectric layer. 
10 The present invention also provides a method of manufacturing a flat-type 

capacitor, by which contact of capacitor electrodes with a plug can improve. 

The present invention also provides a method of manufacturing a flat-type 
capacitor through a simple process. 

15 {Structure and Operation of the Invention] 

In accordance with an aspect of the present invention, there is provided a 
flat-type capacitor, which comprises a lower interconnection formed in a predetermined 
portion of a semiconductor substrate; a lower electrode formed on the lower 
interconnection to be electrically coupled to the lower interconnection; a concave 

20 dielectric layer with edges of both sides which is formed on the lower electrode; a 
concave upper electrode formed on the dielectric layer; a first upper interconnection 
being electrically coupled to the lower interconnection; and a second upper 
interconnection being coupled to the upper interconnection. Here, the concave upper 
electrode is formed to be larger than the lower electrode. 

25 In accordance with another aspect of the present invention, there Is provided a 

flat-type capacitor comprising a first metal interconnection formed on a semiconductor 
substrate; a first interiayer dielectric (ILD) formed on the first metal interconnection; a 
second ILD formed on the first ILD to include a lower electrode coupled to one side of 
the first metal interconnection and a second metal interconnection being electrically 

30 isolated from the lower electrode; a third ILD formed on the second ILD to include a 
concave dielectric layer having edges of both sides and an upper electrode formed 
along the top surface of the dielectric layer; a fourth ILD formed on the third ILD; and 
third metal interconnections formed on the fourth ILD to be coupled to the upper 
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electrode and second metal interconnection, respectively. Here, the concave upper 
electrode is fomied to be larger than the lower electrode. 

Here, the lower electrode is positioned between the edges of the concave upper 
electrode. 

5 Also, the upper electrode and the second metal Interconnection may be formed 

of the same material. The lower electrode, the second metal interconnection, and/or 
the upper electrode may be formed of one selected from the group consisting of Ti, Ta, 
W, TiN, TaN, Al, Cu, Ru, Pt, Ir. and a composition thereof. Also, the lower electrode, 
the second metal interconnection, and the second ILD may be formed to have the same 

10 height. 

The dielectric layer may be formed of one selected from the group consisting of 
Si02. Si3N4, TaaOs. AI2O3, HfO, Zr02, BST, PZT, and ST. Also, the first through fourth 
ILDs may be formed of the same material. 

In accordance with yet another aspect of the present invention, there Is provided 

15 a method of manufacturing a flat-type capacitor, which comprises forming a lower 

interconnection in a predetermined portion of a semiconductor substrate and forming a 
lower electrode on the lower interconnection so as to be electrically coupled to the lower 
interconnection. Afterwards, an ILD is fomned on the resultant structure where the 
lower electrode is formed. The ILD is etched until the lower electrode and portions of 

20 both sides of the lower electrodes are exposed, thereby defining a concave region 
where a capacitor will be formed (hereinafter referred to as a "capacitor region"). A 
concave dielectric layer and a concave upper electrode are formed in the capacitor 
region. Then, a first upper interconnection is formed to be electrically coupled to the 
lower interconnection, and at the same time, a second upper interconnection is formed 

25 to be electrically coupled to the upper electrode. Preferably, the upper electrode Is 
formed to be larger than the lower electrode. 

In another embodiment, a first metal interconnection is fomied in a 
predetermined portion of a semiconductor substrate. Next, a first ILD is formed on the 
semiconductor substrate where the first metal interconnection is formed. The first ILD 

30 is formed to expose regions of both sides including a pair of first plugs contacting both 
sides of the first metal interconnection. Thereafter, a second ILD is formed on the first 
ILD to Include a lower electrode contacting one of the first plugs and a second metal 
interconnection contacting the other of the first plugs. A third ILD is formed on the 
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second ILD to include a capacitor region, which exposes the lower electrode and 
portions of the second ILD on both sides of the lower electrode. A dielectric layer and 
an upper electrode are formed in the capacitor region, thereby forming a capacitor. 
Next, a fourth ILD is formed on the third ILD. One of two second plugs is fomned in the 
5 fourth and third ILDs to contact the second metal interconnection, and the other second 
plug is formed in the fourth ILD to contact the upper electrode. Afterwards, a third 
metal interconnection is formed to contact the respective second plugs. Preferably, the 
upper electrode is fomied to be larger than the lower electrode. 

Forming the first ILD comprises depositing a first ILD on the semiconductor 
10 substrate; forming via holes by etching the first ILD until two separated regions of the 
first metal interconnection are exposed; depositing a conductive layer to fill the via 
holes; and forming first plugs by planarizing the conductive layer until the first ILD is 
exposed. 

Forming the second ILD comprises depositing a second ILD on the first ILD; 

15 defining a region where a lower electrode will be formed (hereinafter, referred to as a 
"lower electrode region") and a region where a second metal interconnection will be 
formed (hereinafter, referred to as a "second metal interconnection region") by exposing 
the second ILD until the first plugs and portions adjacent to the first plugs are each 
exposed; depositing a conductive layer on the second ILD so as to fill the lower 

20 electrode region and the second metal interconnection region; and forming a lower 
electrode and a second metal Interconnection by planarizing the conductive layer until 
the second ILD is exposed. 

Forming the dielectric layer and the upper electrode comprises depositing a 
dielectric layer on the first ILD where the capacitor region is defined; depositing a 

25 conductive layer for an upper electrode on the dielectric layer; and polishing the 
conductive layer for the upper electrode and the dielectric layer using CMP until the 
surface of the third ILD is exposed. Here, forming the dielectric layer and the upper 
electrode further comprises forming a buffer oxide layer between depositing the 
conductive layer and polishing the conductive layer and the dielectric layer. Since the 

30 buffer layer is removed during the CMP process, the CMP process can be efficiently 
performed. 

(Embodiments) 
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Preferred embodiments of the present invention will now be described with 
reference to the attached drawings. This invention may, however, be embodied in 
many different forms and should not be construed as being limited to the embodiments 
set forth herein. Rather, these embodiments are provided so that this disclosure is 

5 thorough and complete and fully conveys the concept of the invention to those skilled in 
the art. In the drawings, the shape of elements is exaggerated for clarity, and the 
same reference numeral in different drawings represent the same element. It will also 
be understood that when a layer is referred to as being "on" another layer or substrate, 
it can be directly on the other layer or substrate, or intervening layers may also be 

10 present. 

FIG, 4 is a cross-sectional view of a flat-type capacitor according to the present 
invention. FIGS. 5A through 5D are cross-sectional views illustrating a method of 
manufacturing the flat-type capacitor according to the present invention. 

Referring to FIG. 4, first metal interconnections 105a and 105b are formed on a 

15 semiconductor substrate 100. The first metal interconnection 105a will contact a lower 
electrode to be fomried later and may have a line width that is wider than that of the first 
metal interconnection 105b. The first metal interconnections 105a and 105b can be 
formed of Al, Al alloy, W, or Cu. Here, if the first metal interconnections 105a and 105b 
are formed of Cu. a known damascene method can be used. Also, although the first 

20 metal Interconnections 105a and 105b are referred to as first metal interconnections in 
FIG. 4. they may actually be second or third metal interconnections In a semiconductor 
integrated circuit. A first ILD 1 10 is formed on the semiconductor substrate 100 where 
the first metal interconnections 105a and 105b are formed. The first ILD 110 includes 
first plugs 1 15 that each contact the first metal interconnections 105a and 105b. Here, 

25 the first metal interconnection 105a contacts two of the first plugs 115, which are 
spaced apart from each other. 

A second ILD 120 is fomned on the first ILD 110. Second metal 
interconnections 125a and 125c and a lower electrode 125b are formed In the second 
ILD 120 to contact the respective first plugs 115. Here, the dimension of the lower 

30 electrode 125b may be larger than that of the second metal interconnections 125a and 
1 25c. The top surfaces of the lower electrode 1 25b and the second metal 
interconnections 125a and 125c may be as high as the top surface of the second ILD 
120. Also, the lower electrode 125b and the second metal interconnections 125a and 
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125c may be formed of the same material, for example, one of Ti, Ta, TIN, TaN, Al, 
Cu, Ru, R, Ir, and a combination thereof. 

A third ILD 130 is fonned on the second ILD 120 where the second metal 
interconnections 125a and 125c and the lower electrode 125b are fomned. A concave 
5 dielectric layer 136 is formed in the third ILD 130 and a concave upper electrode 141 is 
formed along the surface of the dielectric layer 136. Thus, a capacitor C is defined 
along with the lower electrode 125b. The upper electrode 141 may be fomied of the 
same material as the lower electrode 125b or one of Ti, Ta, W, TiN. TaN, Al, Cu, Ru, R, 
Ir, and a combination thereof. Here, the upper electrode 141 Is formed to t>e larger 

10 than the lower electrode 125b. More specifically, the dimensions of the concave upper 
electrode 141 (the length and the width of the upper electrode) are larger than those of 
the lower electrode 125b (the length and the width of the lower electrode) by a 
predetermined value W. That is, the upper electrode 141 is formed to cover the lower 
electrode 125b in all directions. Thus, a portion A of the dielectric layer 136, which 

15 corresponds to the lower electrode 125b, serves as a substantial dielectric layer. Here, 
the dimension of the upper electrode 141 may be larger than that of the lower electrode 
by about 500A to SOOOA . 

A fourth ILD 145 is formed on the third ILD 130. Here, the first through fourth 
ILDs 110, 120, 130, and 145 may include a silicon oxide layer or be insulating layers 

20 having the same etch selectivity. Second plugs 150a, 150b, and 150c are formed in 
the fourth ILD and/or the third ILD, and third metal Interconnections 155a, 155b, and 
155c are formed on the second plugs 150a, 150b, and 150c, respectively. Here, the 
second plug 150a and the third metal interconnection 155a are coupled to the second 
metal interconnection 125a, which is electrically coupled to the lower electrode 125b, 

25 and the second plug 150b and the third metal interconnecfion 155b are electrically 

coupled to the upper electrode 141 . Also, the second plug 1 50b Is formed In the fourth 
ILD 145. The second plug 150c and the third metal interconnection 155c are coupled 
to the second metal interconnection 125c, which is electrically coupled to the separated 
first metal interconnection 105b. 

30 In the flat-type capacitor according to the present invention, the upper electrode 

141 is fomied to be larger than the lower electrode 125b. Thus, the portion A, which 
corresponds to the lower electrode 125b, serves as a substantial dielectric layer of the 
capacitor. Therefore, even If the dielectric layer 1 36 is not properly deposited at the 



10 



PACE 2S/41 • RCVD AT 4/1/2005 5:13:02 PM (Eastern Standard Time] • 8VR:U8PTO-EFXRF-1/2 • DNi8:872Q306 * C8D:5032744622 * DURATION (mm-ss): 15-64 



04/01/05 14:22 FAX 5032744622 



BURGER JOHNSON 



8026 



edges of the capacitor C, because the dielectric layer 136 positioned at the edges is not 
the portion A» which is a substantial dielectric layer of the capacitor, dielectric 
characteristics of the capacitor are not degraded from breakdown. Further, as the 
lower electrode 125b is not extended to the edges of the upper electrode 141, the 

5 dielectric layer 136 is not degraded by stress concentration. 

Also, even if the lower electrode 125b is fomned to have a dimension that is less 
than that of the upper electrode 141, the first metal interconnection 105a, which is 
coupled to the lower electrode 125b, is electrically coupled to the third Interconnection 
155a via the first plug 115, the second metal interconnection 125a, and the second plug 

10 150a. Accordingly, electrical problems do not occur. 

Hereinafter, a method of manufacturing a flat-type capacitor according to the 
present invention will be described. 

As shown in FIG. 5A, a metal layer is formed on a semiconductor substrate 100, 
for example, a semiconductor substrate where a semiconductor circuit pattern and an 

15 insulating layer are formed. Then, a predetemiined portion of the metal layer is 
patterned to form first metal interconnections 105a and 105b. Here, the first metal 
interconnection 105a is used to connect a lower electrode to be formed later with an 
external interconnection (e.g., a third metal interconnection). A first ILD 110 is formed 
on the semiconductor substrate 100 where the first metal interconnections 105a and 

20 1 05ba are formed. Next, the first ILD 110 is etched until the first metal 

interconnections 105a and 1 05b are exposed, thereby forming first via holes 1 12. 
Here, the first via holes 112 are preferably formed such that at least two portions of the 
first metal interconnection 105a are exposed. A conductive material is deposited on 
the first ILD 110 and then planarized using an etchback process or CMP until the 

25 surface of the first ILD 1 1 0 is exposed, thereby forming first plugs 115. 

A second ILD 120 is deposited on the first ILD 110. The second ILD 120 is 
preferably formed to a thickness of a lower electrode (or a second metal 
interconnection) to be formed later, for example. Afterwards, a predetermined portion 
of the second ILD 120 is etched until the first plugs 115 are each exposed, thereby 

30 defining regions 123a and 123c where second metal interconnections will be formed 
(hereinafter, referred to as "second metal interconnection regions") and a region 123b 
where a lower electrode will be formed (hereinafter, referred to as a "^lower electrode 
region"). The second metal interconnection regions 123a and 123c and the lower 
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electrode region 123b may be formed to have a line width that is larger than that of each 
of the plugs 115. In particular, the lower electrode region 123b may be formed to be 
larger than the second metal interconnection regions 123a and 123c. 

Refenring to FIG. 5A, a metal layer Is deposited on the second ILD 120 so as to 

5 fill the second metal Interconnection regions 123a and 123c and the lower electrode 
region 123b. The metal layer may be formed of one of Ti, Ta, W. TiN, TaN, Al. Cu. Ru. 
Pt. Ir, and a combination thereof. To minimize the influence of a lower interconnection 
or a lower circuit, the metal layer can be formed using chemical vapor deposition (CVD), 
physical vapor deposition (PVD), atomic layer deposition (ALD) or electroplating at a 

10 relatively low temperature of 250''C to 500X. Afterwards, the metal layer Is planarized 
using an etchback process or CMP, thereby forming second metal interconnections 
125a and 125c and a lower electrode 125b. 

As shown in FIG. 5B. a third ILD 130 is deposited on the second ILD 120 where 
the second metal interconnections 125a and 125c and the lower electrode 125b are 

15 formed. Then, the third ILD 130 Is etched until the lower electrode 125b and portions 
of the second ILD 120 on both sides of the lower electrode 125b are exposed, thereby 
forming a concave region 130a where a capacitor will be fonned (hereinafter, referred to 
as a "capacitor region"). A dielectric layer 135 and a metal layer 140 for an upper 
electrode are sequentially stacked on the third ILD 130 where the capacitor region 130a 

20 is defined. The dielectric layer 1 35 may be formed of one of SiOs, Si3N4, Ta205. AI2O3, 
HfO. Zr02, BST, P2T, and ST. The metal layer 140 for an upper electrode may be 
formed of the same material as the lower electrode 125 or one of Ti, Ta, W. TiN, TaN. 
Al, Cu, Ru. Pt. Ir, and a combination thereof. Also, the metal layer 140 for an upper 
electrode may be formed using one of CVD, PVD, ALD, and electroplating at a 

25 temperature where the lower electrode 125b is formed, that is, at a low temperature of 
250°C to 500"C. 

Referring to FIG. 5C, the metal layer 140 for an upper electrode and the dielectric 
layer 135 are polished using CMP, thereby forming a concave dielectric layer 136 and a 
concave upper electrode 141 in the capacitor region 130a. Thus, a capacitor C is 
30 defined. Here, the metal layer 140 for an upper electrode and the dielectric layer 135 
may be polished using CMP in a state where a buffer oxide layer (not shown) is already 
interposed therebetween. However, even if the buffer oxide layer is not used, a portion 
of the upper electrode 141, which is positioned on the bottom of the capacitor region 
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130a, is not directly affected by the CMP process. Thus, since the lower electrode 
125b IS not defined by the CMP process, even if a CMP residue remains on the 
polished dielectric layer 135, a short between the lower electrode 125b and the upper 
electrode 141 does not occur. Also, although the dielectric layer 136 is defined by the 

5 CMP process, the polished surface of the dielectric layer 136 is not used as a 

substantial dielectric layer of the capacitor. As a result, degradation of the dielectric 
layer 1 35 can be prevented. 

As shown in FIG. 5D, a fourth ILD 145 is deposited on the third ILD 130 where 
the capacitor C is formed. In the present embodiment, the first through fourth ILDs 110. 

10 120, 130, and 145 may include a silicon oxide layer or be insulating layers having the 
same etch selectivity. Afterwards, the fourth ILD 145 and the third ILD 130 are etched 
until the second metal interconnections 125a and 125c and the upper electrode 141 are 
exposed, thereby defining second via holes 148a, 148b, and 148c. Here, the second 
via holes 148a, 148b, and 148c expose the second metal interconnection 125a coupled 

15 to the lower electrode 125b, the upper electrode 141, and the second metal 
interconnection 125c coupled to the separated first metal interconnection 105b, 
respectively. 

Next, although not shown in FIG. 5D, as shown in FIG. 4, a metal layer is 
deposited on the fourth ILD 145 so as to fill the via holes 148a, 148b, and 148c and is 

20 then planarized, thereby forming second plugs 150a, 150b, and 150c. Thereafter, a 
metal layer is deposited on the fourth ILD 145 and then patterned to contact the 
respective second plugs 150a, 150b, and 150c, thereby forming metal interconnections 
155a, 155b, and 155c. 

In the present invention, the upper electrode 141 and the dielectric layer 136 are 

25 formed using CMP. Thus, an etching by-product is not generated on the sidewalls of 
the dielectric layer 136, and over-etching of the dielectric layer 136 is not required to 
expose the lower electrode 125b. Accordingly, sputtering of the lower electrode 125b 
is not required. 

Also, while the via holes 112, 148a, 148b, and 148c are being formed to define 
30 the first plugs 115 and the second plugs 150a, 150b, and ISOc, only the ILDs formed of 
a single material or belonging to the same group are etched without etching the 
dielectric layer 136 of the capacitor. As a result, the via hole forming process can be 
simplified. 
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Also, as the lower electrode 125b, the dielectric layer 136, and the upper 
electrode 141 are not defined by the CMP process at the sanne time, even if a CMP 
residue remains on the dielectric layer 136, a bridge between the lower electrode 125b 
and the upper electrode 141 can be prevented. Further, the bottom of the upper 
5 electrode 141, which contacts the third metal interconnection 1S5b, Is not directly 

affected by the CMP process, thus reducing poor contact between the upper electrode 
141 and the third metal interconnection 155b. 

[Effect of the Invention] 

10 As described above, according to the present invention, a lower electrode is 

planarly formed, and a concave upper electrode and a concave dielectric layer are 
formed. Here, the dimension of the lower electrode is smaller than that of the bottom 
of the upper electrode. Thus, a portion of the dielectric layer corresponding to the 
lower electrode, not the edges of the dielectric layer, is used as a substantial dielectric 

15 layer. As a result, even if the edges of the dielectric layer are degraded, characteristics 
of the capacitor can remain good. 

Also, because the dielectric layer and the upper electrode are defined using CMP. 
an etching by-product is not absorbed in the sidewalls of the dielectric layer and the 
lower electrode does not require re-sputtering. Further, the dielectric layer is not 

20 extended to portions where the first metal Interconnection and the second metal 

interconnection are formed. Thus, it is not required to etch the dielectric layer during 
the formation of via holes, thus simplifying the via hole fomnrng process. 

Also, a short between the lower electrode and the upper electrode due to a CMP 
residue can be prevented, thus improving contact resistance. 

25 While the present invention has been particularly shown and described with 

reference to preferred embodiments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the present invention as defined by the following 
claims. 

30 

What is claimed is: 

1 . A flat-type capacitor comprising: 
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a lower interconnection formed in a predetermined portion of a semiconductor 
substrate; 

a lower electrode formed on the lower Interconnection to be electrically coupled 
to the lower interconnection; 
5 a concave dielectric layer with edges of both sides which is formed on the lower 

electrode; 

a concave upper electrode formed on the dielectric layer; 
a first upper interconnection being electrically coupled to the lower 
interconnection; and 

10 a second upper interconnection being coupled to the upper interconnection, 

wherein the concave upper electrode is formed to be larger than the lower 
electrode. 

2. The capacitor of claim 1 , wherein the lower electrode is positioned 
15 between edges of the concave upper electrode. 

3. The capacitor of claim 1 , wherein the lower electrode and/or the upper 
electrode are formed of one selected from the group consisting of Tl, Ta, W, TiN, TaN, 
Al, Cu, Ru, Pt. Ir, and a composition thereof 

20 

4. The capacitor of claim 1 , wherein the dielectric layer is formed of one 
selected from the group consisting of Si02, SisNU, Ta205, AlaOa. HfO, Zr02, BST, PZT, 
and ST. 

25 5. A flat-type capacitor comprising: 

a first metal interconnection formed on a semiconductor substrate; 
a first interlayer dielectric formed on the first metal interconnection; 
a second interlayer dielectric formed on the first interlayer dielectric to include a 
lower electrode being coupled to one side of the first metal interconnection and a 
30 second metal Interconnection being electrically isolated from the lower electrode; 

a third interlayer dielectric formed on the second interlayer dielectric to include a 
concave dielectric layer with edges of both sides and an upper electrode formed along 
the top surface of the dielectric layer; 
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a fourth interlayer dielectric formed on the third interlayer dielectric; and 
third metal interconnections formed on the fourth interiayer dielectric to be 
coupled to the upper electrode and second metal interconnection, respectively, 
wherein the concave upper electrode is formed to be larger than the lower 
5 electrode. 

6. The capacitor of claim 5, wherein the lower electrode is positioned 
between edges of the concave upper electrode. 

10 7. The capacitor of claim 5, wherein the upper electrode and the second 

metal interconnection are formed of the same material. 

8. The capacitor of claim 7, wherein the lower electrode, the second metal 
interconnection and/or the upper electrode are formed of one selected from the group 

15 consisting of Ti, Ta, W, TiN. TaN, Al, Cu, Ru, Pt, Ir, and a composition thereof. 

9. The capacitor of claim 5. wherein the lower electrode, the second metal 
interconnection, and the second interlayer dielectric have the same height. . 

20 1 0. The capacitor of claim 5, wherein the dielectric layer is fonnned of one 

selected from the group consisting of Si02, Si3N4, Ta205. AI2O3, HfO. ZrOa, BST, PZT, 
and ST, 

1 1 . The capacitor of claim 5, wherein the first through fourth interlayer 
25 dielectrics have the same etch selectivity. 

12. A method of manufacturing a flat-type capacitor, the method comprising: 
forming a lower interconnection in a predetermined portion of a semiconductor 

substrate; 

30 forming a lower electrode on the lower interconnection so as to be electrically 

coupled to the lower interconnection; 

fomiing an interiayer dielectric on the resultant structure where the lower 
electrode is formed; 
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defining a region where a concave capacitor will be formed by etching the 
interlayer dielectric until the lower electrode and portions of both sides of the lower 
electrodes are exposed; 

fonning a concave dielectric layer and a concave upper electrode in the region 
5 where a capacitor will be formed; and 

forming a first upper interconnection to be electrically coupled to the lower 
interconnection, and at the same time, forming a second upper interconnection to be 
electrically coupled to the upper electrode. 

wherein the upper electrode is fonmed to be larger than the lower electrode. 

10 

13. The method of claim 12, wherein forming the lower electrode comprises: 
forming a first insulating layer on the semiconductor substrate where the lower 

interconnection is formed, the first insulating layer including plugs contacting both sides 
of the lower interconnection; and 
15 forming a second insulating layer on the first insulating layer, the second 

insulating layer including a lower electrode contacting one of the two plugs and a metal 
interconnection contacting the other plug, 

wherein the second upper interconnection is electrically coupled to the metal 
interconnection. 

20 

14. The method of claim 13, wherein forming the second insulating layer 
comprises: 

fonning a second insulating layer on the first insulating layer; 
defining a region where a lower electrode will be formed and a region where a 
25 metal interconnection will be formed by etching the second insulating layer until the 
plugs are etched; 

depositing a metal layer on the second insulating layer; and 
forming the lower electrode and the metal interconnection by planariang the 
metal layer until the surface of the second insulating layer is exposed. 

30 

15. The method of claim 12. wherein forming the dielectric layer and the upper 
electrode comprises: 
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depositing a dielectric layer on the interlayer dielectric where the region where a 

capacitor will be formed is defined; 

depositing a conductive layer for an upper electrode on the dielectric layer; and 
polishing the conductive layer for an upper electrode and the interlayer dielectric 
5 using chemical mechanical polishing until the surface of the interlayer dielectric is 

exposed. 

16. The method of claim 15, further comprising forming a buffer oxide layer 
between depositing the conductive layer and polishing the conductive layer and the 

10 dielectric layer using chemical mechanical polishing, 

wherein the buffer oxide layer is removed during the chemical mechanical 
polishing process. 

17. The method of claim 12. wherein the lower electrode, the second metal 
15 interconnection, and/or the upper electrode are formed of one selected from the group 

consisting of Ti, Ta, W, TiN, TaN, Al, Cu, Ru, Pt, Ir. and a composition thereof. 

18. The method of claim 17, wherein the lower electrode, the second metal 
interconnection and/or the upper electrode are deposited at a temperature of 250°C to 

20 500°C. 

19. The method of claim 18, wherein the lower electrode, the second metal 
interconnection, and/or the upper electrode are formed using one selected from the 
group consisting of chemical vapor deposition, physical vapor deposition, atomic layer 

25 deposition, and electroplating. 

20. The method of claim 12, wherein the dielectric layer is formed of one 
selected from the group consisting of SiOz, Si3N4, Ta205, AfeOa, HfO, Zr02, BST, PZT, 
and ST. 

30 

21 . A method of manufacturing a flat-type capacitor, the method comprising: 
forming a first metal interconnection in a predetermined portion of a 

semiconductor substrate; 
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forming a first interiayer dielectric on the semiconductor substrate where the first 
metal interconnection is formed, the first interlayer dielectric exposing regions of both 
sides including a pair of first plugs that contact both sides of the first metal 
interconnection; 

5 forming a second interiayer dielectric on the first interiayer dielectric to include a 

lower electrode contacting one of the first plugs and a second metal interconnection 
contacting the other first plug; 

forming a third interiayer dielectric on the second interiayer dielectric to include a 
region where a capacitor will be formed, which exposes the lower electrode and 
10 portions of the second interiayer dielectric on both sides of the lower electrode; 

defining a capacitor by forming a dielectric layer and an upper electrode in the 
region where a capacitor will be formed; 

forming a fourth interiayer dielectric on the third interiayer dielectric; 
forming one of second plugs in the fourth and third interiayer dielectrics to 
15 contact the second metal interconnection and forming the other second plug in the 
fourth Interiayer dielectric to contact the upper electrode; and 

forming a third metal interconnection to contact the respective second plugs, 
wherein the upper electrode is formed to be larger than the lower electrode. 

20 22. The method of claim 21 , wherein forming the first interiayer dielectric 

comprises: 

depositing a first interiayer dielectric on the semiconductor substrate; 
forming via holes by etching the first interiayer dielectric until two separated 
regions of the first metal interconnection are exposed; 
25 depositing a conductive layer to fill the via holes; and 

fomning first plugs by planarizing the conductive layer until the first interiayer 
dielectric is exposed. 

23. The method of claim 23. wherein fomning the second interiayer dielectric 
30 comprises: 

depositing a second interiayer dielectric on the first interiayer dielectric; 
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defining a region where a lower electrode will be formed and a region where a 
second nrtetal interconnection will be formed by exposing the second interlayer dielectric 
until the first plugs and portions adjacent to the first plugs are each exposed; 

depositing a conductive layer on the second interlayer dielectric so as to fill the 
5 region where a lower electrode will be formed and the region where a second metal 
interconnection will be formed; and 

forming a lower electrode and a second metal interconnection by planarizing the 
conductive layer until the second interlayer dielectric is exposed. 

10 24. The method of claim 21 , wherein forming the dielectric layer and the upper 

electrode comprises: 

depositing a dielectric layer on the first interlayer dielectric where the region 
where a capacitor will be formed is defined; 

depositing a conductive layer on the dielectric layer to form an upper electrode; 

15 and 

polishing the conductive layer for the upper electrode and the dielectric layer 
using chemical mechanical polishing until the surface of the third interlayer dielectric is 
exposed. 

20 25. The method of claim 21 , further comprising forming a buffer oxide layer 

between depositing the conductive layer and polishing the conductive layer and the 
dielectric layer. 

wherein the buffer layer is removed during the chemical mechanical polishing 
process. 

25 

26. The method of claim 21 , wherein the lower electrode, the second metal 
interconnection and/or the upper electrode are formed of one selected from the group 
consisting of Ti, Ta, W, TiN, TaN, Al, Cu, Ru, Pt, Ir, and a composition thereof. 

30 27. The method of claim 26, wherein the lower electrode, the second metal 

interconnection and/or the upper electrode are deposited at a temperature of 250^*0 to 
500'C. 
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28. The method of claim 27» wherein the lower electrode, the second metal 
interconnection, and/or the upper electrode are formed using one selected from the 
group consisting of chemical vapor deposition, physical vapor deposition, atomic layer 
deposition, and electroplating. 

5 

29. The method of claim 21 , wherein the dielectric layer is formed of one 
selected from the group consisting of Si02, Si3N4. Ta205. AI2O3, HfO, ZrOa, BST, PZT, 
and ST. 

10 30. The method of claim 21 , wherein the first through fourth interlayer 

dielectrics have the same etch selectivity. 
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